Abstract-This paper addresses a multi-criteria decision method properly designed to effectively evaluate the most performing strategy for multicast content delivery in Long Term Evolution (LTE) and beyond systems. We compared the legacy conservative-based approach with other promising strategies in literature, i.e., opportunistic multicasting and subgroup-based policies tailored to exploit different cost functions, such as maximum throughput, proportional fairness and the multicast dissatisfaction index (MDI). We provide a comparison among above schemes in terms of aggregate data rate (ADR), fairness and spectral efficiency. We further design a multi-criteria decision making method, namely TOPSIS, to evaluate through a single mark the overall performance of considered strategies. The obtained results show that the MDI subgrouping strategy represents the most suitable approach for multicast content delivery as it provides the most promising trade-off between the fairness and the throughput achieved by the multicast members.
I. INTRODUCTION
The increase of the multimedia applications and number of enhanced devices (i.e.,smartphone and tablet) poses tremendous challenges about the increasing of the radio resource utilization and services demand over mobile systems [1] . In this scenario, the usage of multicast services is expected to grow over current Long Term Evolution (LTE) and future 5G systems. In particular, multicasting will allow a large amount of users to be simultaneously served with the same service with relatively low latency and high quality of experience (QoE) [2] [3] . As a result, the Third Generation Partnership Project (3GPP) poses the basic for the standardization of those kind of services with the name of Multimedia Broadcast Multicast Services (MBMS). This standard provides the guidelines in order to support multicast transmissions over LTE-based cellular systems and covers the implementation of different functionalities related to the point-to-multipoint protocol (e.g., service announcement, joining and leaving procedures, session setup and re-configuration).
However, although multicasting aims to offer several enhancements in multicast content delivery, several open issues are still under consideration over Orthogonal Frequency Division Multiple Access (OFDMA) systems, such as LTE. The most challenging issue is related to the multi-user diversity and to the different channel quality (and, consequently, supported data rates) experienced by the users in a multicast group. Generally speaking, two different strategies for content delivery have been proposed in literature: (i) single-rate and (ii) multi-rate schemes. In the former case, a typical solution is represented by the conventional multicast scheme (CMS) where all the users within a multicast group are served based on the Modulation and Coding Scheme (MCS) of the user with worst channel condition. Even if this approach provides high network coverage, fairness [4] and high reliability, the potentials of the LTE systems are not fully exploited when the multicast group size increases drastically (i.e, users experience low data rate due to the presence of group members with poor channel capabilities).
To overcome these issues, the opportunistic approach has been proposed in literature. The aim of this approach is to serve, during each Transmission Time Interval (TTI), only the "best" portion of multicast members able to maximize the Quality of Service (QoS) of the served users. Therefore, it exploits the multi-user diversity in resource allocation, although it may limit the multicast gain, i.e., the number of users successfully served in each time slot. As a consequence, additional data coding (e.g., rateless codes) is required for avoiding the users to keep informed the transmitter of which portion of file is received. Although opportunistic approaches can achieve long-term fairness (which can be considered suitable in applications such as file delivery), they cannot achieve short-term fairness (since not all users are served within every time slot) that, on the contrary, is more important in streaming applications.
A promising scheme for multicast environments is represented by the subgrouping [5] . It divides the users into different subgroups based on perceived channel quality and serves all of them in the same TTI [5] . As a result, it is able to improve the session quality of the users by overcoming the typical issues related to the previous mentioned multicast approaches [6] . An example can be found in [7] , where the authors proposed a novel subgroup-based strategy, namely the multicast dissatisfaction index (MDI), which is able to guarantee a satisfactory trade-off between the fairness and the data rates achieved by multicast group users.
Nevertheless, it is still really challenging to state, in an effective way, which is the most performing approach among those mentioned above [8] . As a consequence, to solve the aforementioned issues, in this paper we exploit a multi-criteria decision making method, namely Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS). TOPSIS is based on the concept that the chosen solution should has the shortest geometric distance from the ideal solution and the longest geometric distance from the negative solution. In particular, we use an extension of the TOPSIS method that exploits the fuzzy logic by evaluating the possible solutions with a similarity approach.
In this paper we propose an effective method to evaluate the most performing radio resource management (RRM) policies for MBMS [9] data delivery in LTE [10] and beyond networks. In particular, we investigate the performance of the different multicast RRM approaches in term on (i) aggregate data rate (ADR), (ii) fairness, and (iii) spectral efficiency. Then, we use the obtained results as input for the TOPSIS method to provide an overall mark which clearly testify which is the most performing RRM multicast scheme.
The remainder of the paper is summarized as follow. In Section II the considered system model and network configuration are presented. The considered multicast RRM strategies are described in Section III whereas the description of the TOPSIS method can be found in Section IV. The performance evaluation results are summarized in Section V whereas conclusive remarks are in Section VI.
II. SYSTEM MODEL
The reference scenario is represented by a single-cell multicast system where an LTE base station (i.e., the eNodeB) serves all the users (though a multicast transmission) within its coverage. Therefore, multicast services are managed with the enhanced Multimedia Broadcast Multicast Services (eM-BMS), which is able to guarantee optimized transmissions of multicast and broadcast sessions (see Fig. 1 ). The LTE downlink interface uses the OFDMA technique where the available radio spectrum is spit into several Resource Blocks (RBs). The RB corresponds to the smallest time-frequency resource (12 sub-carriers) that can be allocated to a UE in LTE. The total number N of available RBs depends on the system bandwidth configuration and is managed by the packet scheduler, implemented at the eNodeB. In addition, the RRM exploits the Channel Quality Indicator (CQI) of multicast users to properly manage, on a per-group basis, the transmission parameters and the N available RBs. We indicate with u m the number of users with a CQI value m = {1, . . . , M}, where 
III. MULTICAST RRM STRATEGIES
In this section we describe the different strategies addressed in this paper. In particular, in this work we use a typical singlerate strategy represented by the CMS approach, a multi-rate opportunistic multicast scheme (OMS), and several subgroupbased strategies.
A. Conservative Multicast Scheme
The conservative multicast scheme (CMS) [9] selects the MCS according to the worst channel conditions experienced in the multicast group, i.e., r m * = N , with m * = min{m|u m > 0}. Therefore, we assume that m represents an indication of the maximum MCS level supported by the terminal in order to successfully decode the received signal with a Bit Error Rate (BER) smaller than a predefined target value. Although the CMS maximizes the user fairness as all multicast members are served with the same data rate, such a rate is drastically bounded by the user(s) located at the cell border which, on average, experience poor reception conditions [11] .
B. Opportunistic Multicast Scheme
Being tailored to overcome the poor throughput performance of CMS, the opportunistic multicast scheme (OMS) has been proposed with the idea to dynamically change the portion of served multicast users [12] . With this aim, the OMS enables the MCS that maximizes the Aggregate Data Rate (ADR), i.e., the sum of bits conveyed to multicast destinations. As a consequence, the RRM decision relevant to OMS is r m * = N , with m * = arg max(b m M i=m u i ). Therefore, the goal of OMS is to exploit the multi-user diversity in order to serve as many users as possible with the highest possible data rate in the same TTI. Indeed, the remaining users will be served in the subsequent TTI. It is worth noting that OMS suffers in terms of reduced multicast gain, i.e., OMS is designed to serve only a portion of the multicast group and this drastically reduces the overall short-term fairness [11] .
C. Subgroup-based Schemes
A promising approach proposed to overcome the limitations of both CMS and OMS approaches is the subgrouping [?]. It is based on the idea of dividing the multicast group members into subgroups according to the experienced channel conditions, where each subgroup is characterized by a different MCS and, consequently, portion of served users and assigned RBs. This technique allows to serve all the multicast destinations while exploiting multi-user diversity. In addition, by taking advantage of scalable video coding (SVC) techniques, the subgrouping approach represents an effective solution for efficiently conveying high quality broadband multicast services, such as IPTV. Finally, a further goal of this approach is that the subgroup formation can been properly tailored to deal with different objective functions [7] . A first approach, namely the Maximum Throughput (MT), is based on the following optimization problem:
i.e., the MT strategy aims at maximizing the ADR while guaranteeing a basic service quality to all multicast users as highlighted in the constraint (2a). The Proportional Fairness (PF) subgroup-based strategy is designed to take into account the intra-group fairness, i.e., to reduce the difference between the throughput experienced by multicast users by maximizing the sum of logarithmic data rate:
subject to (2a). Finally, the Minimum Dissatisfaction Index (MDI) has been proposed in [7] to guarantee an increased throughput with respect to the PF policy without meaningfully affecting the fairness among the multicast members. The MDI is based on the maximization of a novel cost function:
subject to (2a). According to (4), the MDI minimizes the difference between the maximum attainable data rate by a user with CQI m, i.e., b m N , and the assigned data rate.
IV. MULTICRITERIA DECISION METHOD: TOPSIS
The schemes summarized in Sec. III offer different performance. For instance, the CMS offers high fairness but really low data rates, whereas the OMS basically has a dual behavior compared to CMS. Subgrouping approaches overcomes CMS and OMS, although it is not easy to understand in an effective way which is the most performing subgroup policy as all of them aim to offer a trade-off between throughput and fairness.
To solve this issue, this paper exploits an effective approach allowing to measure the overall performance of multicast RRM strategies through a single mark thus guaranteeing to highlight the policy with the best overall performance. This results is obtained by using a Multicriteria Decision-Making (MCDM) problem. The method chosen to solve the selection problem is TOPSIS [13] , one of the most used methods for MCDM problems. It is based on the idea that the chosen solution among different alternatives should have the shortest geometric distance from the positive ideal solution and the longest geometric distance from the negative ideal solution.
In this work we use an extension of TOPSIS provided by [14] , where the final evaluation of the different solutions is made by using a similarity approach instead of closeness criteria. Finally, we use the fuzzy similarity method to calculate the distance between two fuzzy rating (instead of vertex method). The MCMD problem can be described as follows:
.., C n ; • (iv) a set of performance ratings called X = x ij , i = 1, 2, ..., m, j = 1, 2, ..., n described accurately in [14] Assuming that a decision group has decision-maker and that all fuzzy ratings and weights are trapezoidal fuzzy
ij4 , e ij5 ); i = 1, 2, ..., m, j = 1, 2, ..., n, respectively. Then, the aggregate fuzzy ratings can be expressed as:
In addition, the aggregate fuzzy weights of each criterion can be calculated as:
Therefore, the metrics-selection problem can be expresses in matrix form as:
Since the set of criteria can be divided into benefit criteria and cost criteria, the normalized fuzzy decision matrix can be represented as:R = [r ij ] mxn (9) where the term r ij includes both the set of benefits and the cost criteria represented by B and C, respectively. The weighted normalized fuzzy decision matrix by considering the importance of each criterion can be summarized as follows: wherev ij =r ij (·)ŵ j . According to the aim of the TOPSIS algorithm, the fuzzy ideal solution (FPIS, A + ) and the fuzzy negative-ideal solution (FNIS, A − ) need to be defined as:
Finally, we can calculate the fuzzy similarity matrix and, subsequently, simply compute the average of the similarities and use this as a similarity measure to achieve the final mark. This can be recast as follows:
V. PERFORMANCE EVALUATION
A. Simulation Results
From the plethora of RRM policies mentioned above, it clearly emerges the need of simultaneously considering several target metrics to evaluate the performance of such policies. In this work, we consider three metrics: the ADR, the user fairness (measured according to the well-known Jain's Fairness Index), and the spectral efficiency (i.e., the ratio between the data rate experienced by multicast members and the exploited channel bandwidth). In particular, we consider two different sets of available RBs that are represented by N = 15 and N = 100. The considered multicast group is composed by K = 100 subscribers uniformly distributed across the cell. The channel conditions for each UE are evaluated in terms of the SINR experienced over each subcarrier when path-loss, slow and fast fading affect the signal reception. The effective SINR, estimated according to the Exponential Effective SIR Mapping, is mapped onto the CQI level ensuring a Block Error Rate smaller than 10%. The results shown are obtained with a 95% confidence interval. The main simulation parameters are listed in Table I. The ADR with N = 15 is shown in Fig. 2(a) . We can observe that OMS and MT perform better compared to the other policies. In particular, CMS suffers in term of very low ADR although it reaches a fairness performance equal to 1. In fact, the results in terms of fairness (shown in Fig. 2(b) ), outline that OMS and MT mainly focus on achieving high data rate instead of guaranteeing intra-user fairness. This behavior can be further highlighted by results in Fig. 2(c) , where the spectral efficiency for the considered strategies is shown. By focusing on the PF and MDI policies, we observe that these strategies try to obtain a throughput-fairness trade-off. With respect to OMS and MT, the PF and the MDI have lower ADR and spectral efficiency but higher fairness. Finally, the MDI is more performing than PF in terms of ADR and spectral efficiency but it achieves a lower fairness.
The trend for the ADR, fairness and spectral efficiency is almost the same also in case of N = 100 (see Fig. 3 ). The only differences are in terms of ADR and spectral efficiency: in particular, OMS and MT achieve the same performance. As a conclusion, it is clear that PF and MDI achieve a good level of fairness without strongly decreasing the user throughput. The OMS and MT, instead, are "rate" oriented whereas CMS is able to serve all the users with the side effect of very low data rates.
B. Topsis Evaluation
By analyzing the results in Fig. 2 and Fig. 3 , we can observe the impossibility of having a RRM strategy that outperforms all other policies in all considered metrics; this makes very hard to define in an effective way which is the most performing multicast policy. To overcome this issue, in this work we use the TOPSIS decision making method. In fact, the problem of selecting the best policy among those investigated above can be approximated to a supplier selection problem in a supply chain (as typically addressed by the TOPSIS method). The MCMD problem can be described as follow:
• a set D of decision-makers represented by all the different multicast group size configurations taken into considerations in our simulation settings; • a set A of A possible suppliers represented by the analyzed RRM approaches; • a set C of C criteria, with which supplier performance are evaluated (i.e., ADR, fairness index and spectral efficiency); • a set of performance ratings called X described accurately in [14] . The same general importance weight from the decision makers has been assigned to each criterion by following the linguistic variables expressed in positive fuzzy number proposed in [14] . This choice is aimed by the assumption that, in general, all the considered criteria have the same importance. Then, each decision maker expresses individually its own opinion about the criterion taken into account (i.e., ADR, fairness index and spectral efficiency). The TOPSIS algorithm has been executed for each considered multicast group size configuration (i.e., from 10 up to 100) and a final ranking is created in order to decide which is the best metrics that could be used. The results shown in Table II and Table III 1 are useful to definitively select the most performing RRM strategy according to ADR, fairness and spectral efficiency parameters. In the evaluated scenarios with N = 15 RBs and N = 100 RBs, the MDI reaches the highest mark (see Table IV ); this result highlights that the overall performance of MDI effectively overcomes the other considered policies. So doing, our exploited strategy is effectively able to indicate the RRM policy with the best results by taking into account several decision makers and performance metrics.
VI. CONCLUSIONS
In this paper we evaluated the performance of different multicast resource allocation policies in term of ADR, fairness and spectral efficiency. However, the obtained results shown the impossibility of having a RRM scheme that outperforms all other policies for all the considered metrics. To overcome this issue, we exploited an extension of the TOPSIS method based on fuzzy logic where the final evaluation is made by following a similarity approach. The achieved results after the TOPSIS process shown that the subgroup-based MDI strategy is the most suitable scheme for multicast service delivery in LTE and beyond systems. In particular, MDI is able to provide high fairness without strongly affecting the throughput performance among the users belonging to the same multicast group.
